Abstract: Data regarding the prevalence and predictors of vitamin D deficiency during early pregnancy are limited. This study aims to fill this gap. A total of 578 Saudi women in their 1 st trimester of pregnancy were recruited between January 2014 and December 2015 from three tertiary care antenatal clinics in Riyadh, Saudi Arabia. Information collected includes socio-economic, anthropometric, and biochemical data, including serum vitamin D (25(OH)D) levels, intake of calcium and vitamin D, physical activity, and sun exposure indices. Pregnant women with 25(OH)D levels <50 nmol/L were considered vitamin D deficient. The majority of participants (n = 468 (81%)) were vitamin D deficient. High levels of indoor activity, whole body clothing, multiparity, total cholesterol/HDL ratio(>3.5), low HDL-cholesterol, and living in West Riyadh were significant independent predictors for vitamin D deficiency, with odds ratios (ORs) (95% confidence interval) of 25.4 (5.5-117.3), 17.8 (2.3-138.5), 4.0 (1.7-9.5), 3.3 (1.4-7.9), 2.8 (1.2-6.4), and 2.0 (1.1-3.5), respectively. Factors like increased physical activity, sun exposure at noon, sunrise or sunset, high educational status, and residence in North Riyadh were protective against vitamin D deficiency with ORs 0.2 (0.1-0.5); 0.2 (0.1-0.6); 0.3 (0.1-0.9); and 0.4 (0.2-0.8), respectively. All ORs were adjusted for age, BMI, sun exposure, parity, summer season, vitamin D intake, multivitamin intake, physical activity, education, employment, living in the north, and coverage with clothing. In conclusion, the prevalence of vitamin D deficiency among Saudi women during early pregnancy was high (81%). Timely detection and appropriate supplementation with adequate amounts of vitamin D should reduce the risks of vitamin D deficiency and its complications during pregnancy.
Introduction
Vitamin D (25(OH)D) deficiency is a global health problem that increases the risk and severity of many diseases. Over two billion people suffer from vitamin D deficiency (25(OH)D < 50 nmol/L) and this has been implicated in exacerbating a wide variety of conditions, such as osteoporosis, rickets/osteomalacia, autoimmune diseases, cardiovascular diseases, cancer, obesity, and type 2 diabetes mellitus. Vitamin D deficiency also increases the risks of maternal and fetal complications [1, 2] .
It has been observed in at least one study that majority of Saudi women have sub-optimal levels of vitamin D during their reproductive phase of life [3] . This vitamin D deficiency in Saudi women is further impacted during pregnancy itself, with a noted deteriorating vitamin D status, which may arise in part due to the increased nutritional demands of the growing fetus [4] . This decline in vitamin D levels is also common in Arab Gulf countries, where 10-80% of mothers and as much as 40-80% of their neonates, at the time of delivery, have sub-optimal serum levels of 25(OH)D, highlighting that in the Gulf states the answer may be more complicated than sunlight exposure alone [5, 6] .
It appears that the etiology of vitamin D deficiency during pregnancy is multi-factorial. The factors that affect this include limited sunlight exposure, but also reduced dietary vitamin D and calcium intake, ethnicity, age, socio-economic status, smoking, repeated pregnancies, obesity, malabsorption syndromes, medications that increase vitamin D catabolism, and chronic liver and/or kidney disorders [7] [8] [9] . In addition, an individual's lifestyle has also been shown to influence vitamin D status, such as the amount of exercise, reduced vitamin D intake in the diet, biochemical indices such as triglyceride levels, factors associated with vitamin D deficiency, and prevalence in pregnant Arab women [10] [11] [12] .
However, despite the influence vitamin D deficiency has on pregnancy, few studies have addressed the influence this status has in the Gulf State countries [10, 13, 14] . Prior studies on Vitamin D deficiency during pregnancy based in the Gulf States have tended to investigate deficiency (25(OH)D < 50 nmol/L) [9] in the late stages of pregnancy, but do not necessarily combine lifestyle factors, biochemical factors, and clinical history sufficiently in a large cohort of Arab women. Prior studies have focused on late stages to determine the impact on maternal and neonatal outcomes, but have been unable to examine factors in early pregnancy that may increase disease risk [10, 13, 14] .
The aims of the current study were, therefore, to identify the prevalence of vitamin D deficiency in Arab women during early pregnancy as well as factors that may contribute to vitamin D deficiency.
Materials and Methods

Study Population
We randomly selected healthy Saudi pregnant women in their first trimester for this observational study. The sample size was estimated and, assuming a vitamin D deficiency prevalence of 80% [14] at a 5% α level of significance and with ±5% level of precision, 246 participants were needed. To account for the potential dropouts and to keep the statistical power intact, we opted to enroll 578 subjects for this study.
Data were collected between January 2014 and December 2015. The season of the sampling was recorded at both visits. For an analysis of season, in relation to vitamin D status, the months of the year were divided into two periods: April to October was classified as summer, and November to March as winter [15] . The maximum ultraviolet B (UVB) radiation in the kingdom of Saudi Arabia (KSA) occurs in July and the minimum values occur in December [16] .
All participants were of Saudi descent and non-smokers. At the time of inclusion, they were at less than 16 weeks of gestation and were non-diabetic. All participants had singleton pregnancies.
Those with metabolic or chronic inflammatory disorders, or receiving long-term therapy for any chronic condition, were excluded from the study. Furthermore, those participants taking vitamin D supplementation were also excluded from the study. A total of 578 participants from three tertiary care hospitals in Riyadh (King Fahad Medical City Hospital, King Khalid University Hospital, and King Salman Hospital) met the inclusion criteria. All study participants signed the consent form.
Fasting blood samples from each subject were collected, aliquoted, delivered, and stored at −70 • C at the Biomarkers Research Program (BRP), King Saud University (KSU), Riyadh, KSA, for later biochemical analyses, as one batch. Ethical approval for this study was obtained from the Institutional Review Board (IRB) of the participating hospitals before the commencement of the study.
Assessment of Circulating 25(OH)D and Biochemical Parameters
Serum glucose, calcium, creatinine, phosphorus, and lipids (HDL-cholesterol, total cholesterol, and triglycerides (TG)) were measured by using the routine laboratory analysis (Konelab, Espoo, Finland). The instrument was routinely calibrated with quality control samples. LDL-cholesterol and total cholesterol to HDL ratio were calculated using previously published equations [17] . The cut off value for serum triglycerides was ≥1.7 mmol/L, and an HDL-cholesterol <1.03 mmol/L was considered low [18, 19] . The BRP laboratory participates in external quality control programs.
Bone alkaline phosphatase was measured using the LIAISON XL immunoassay (DiaSorin, Saluggia VC, Italy). The HbA1c in whole blood was measured using the DCA Vantage Analyzer 
Clinical Assessment
Anthropometrics included pre-pregnancy weight (as recalled by the subject), current weight (kg), height (cm), waist (cm), and hip circumferences (cm). Weight and height were recorded using an international standard scale (Digital Pearson Scale, ADAM Equipment Inc., Oxford, CT, USA). Body mass index (BMI) and waist to hip ratio were calculated as described previously [20] . Triceps, biceps, supra iliac, and subscapular thickness were also measured. Relative body fat percentage (%) was estimated by measuring subcutaneous skinfold thickness with a Harpenden caliper (British Indicators, Sussex, Brighton, England) following the protocol described by Durnin and Womersly [21] .
Data Collection (Questionnaire), Maternal Hypertension and Assessment of Physical Activity
Gestational age was calculated from the date of the last menstrual period and was confirmed using an ultrasound examination during the first visit. All participants answered a generalized questionnaire [22] , which included information on socio-demographics, parity, past medical history, medication treatment history, and sun-exposure. Education was categorized into two groups (High school and below and College/University) and employment as either housewife or employed. Information on sun exposure (yes/no) and other sun exposure indices, such as exposure to the sun at work (indoor or outdoor work), timing of the exposure (noon alone, or with either sunrise or sunset vs. just sunset or sunrise), clothing (whole body coverage vs. some parts of the body exposed), and the use of sunscreen (yes/no), were collected. Noon time was defined as 10:00 a.m. to 2:00 p.m.
A food frequency questionnaire (FFQ), specific for vitamin D and calcium intake, was measured over a period of 7-days in this study, similar to other Saudi studies [23] . The FFQ was designed to calculate vitamin D and calcium intake from different food sources and has been pilot-tested in 60 pregnant women. The assessment of everyday food intake was conducted to record participants' total intake of macro-and micro-nutrients, especially vitamin D and calcium. Nutrient intake was calculated using the Nutribase software [24] and another table published for Saudi foods [25] was also used. Data on supplement intake (yes/no) were collected, including multivitamins, folic acid, iron, and cod liver oil. Subjects on vitamin D supplementation were excluded from the study. Gestational hypertension was defined as blood pressure ≥ 140/90 mmHg, based on standards from the Int. Society for the Study of Hypertension in Pregnancy [26] .
The international physical activity questionnaire (IPAQ) was used to assesses the level of physical activity [27] , using its Arabic version. Low-intensity physical activity (e.g., walking and sitting time) was determined using the guidelines for data processing and analysis of the IPAQ [28] . Less than 210 min per week was identified as low-intensity physical activity [29] .
Data Analysis
Data were analyzed using SPSS version 21.0 statistical software (SPSS, Chicago, IL, USA). Normality was tested before performing the analysis using the Shapiro-Wilk Test. Quantitative normal variables were expressed as mean and standard deviation, while quantitative non-normal variables were expressed as medians. Categorical variables were expressed as frequencies and percentages (%). Pearson's Chi-square test was used to determine the association between categorical variables. Comparisons between groups were performed using the Independent t-test and Mann-Whitney U test for normal and non-normal variables respectively.
Logistic regression was used to identify risk factors associated with vitamin D deficiency. Confounders included in the model were age, BMI, sun exposure, parity, season, vitamin D intake, multivitamin intake, physical activity, education, employment, location (i.e., living in North Riyadh vs. South Riyadh), and the extent of skin coverage with clothing. All odd ratios (ORs) were reported (univariate and adjusted model). A p-value of <0.05 was considered statistically significant.
Results
Subject Characteristics by Vitamin D Status
General Characteristics of Participants during First Trimester of Pregnancy
A total of 578 subjects were included in this study. The mean maternal age was 28.8 ± 5.4 (range 18-39) years. Among them, 320 (57.3%) were university graduates or post-graduates, 183 (32.7%) were employed, and 62 (12%) were earning more than SAR 10,000/month. One-fourth of these women (28.4%) was residing in West Riyadh, with comparable percentages living in the south (21.9%), east (20.5%), and north (19%) of the city. Among participants, 129 (30.5%) had a history of caesarean section and 120 (29.6%) had previous miscarriages. Thirty-eight (8.8%) suffered from gestational diabetes mellitus (GDM) in the past (but not at the time enrolled into the present study), 164 (38.2%) had a family history of GDM, and 347 (72.6%) had a family history of diabetes. The rest are shown in Table 1 .
Prevalence of Vitamin D deficiency in Early Pregnancy
The median (1 st -3 rd quartile) 25(OH)D concentration in the sample population was 28.7 nmol/L (19.7-43.8). Severe vitamin D deficiency was noted in 41.7% (241/578) of participants, 39.3% (227/578) were deficient, and 13.7% (79/578) had insufficiency in circulating vitamin D. Only 5.4% (31/578) of participants presented with the physiological normal levels of 25(OH)D. A small number of participants (n = 31; 5.4%) had desirable vitamin D levels (≥75 nmol/L). Participants' 25(OH)D levels were categorized into deficient (<50 nmol/L) or non-deficient (≥50 nmol/L) groups for meaningful statistical analysis [9] . The proportion of vitamin D deficiency (<50 nmol/L) in early pregnancy amounted to 81% (468/578).
Vitamin D Status among Various Socio-Economic Groups
Socioeconomic data were presented in valid percentages as not all subjects chose to answer certain demographic variables. Subjects with graduate-or postgraduate-level education were more likely to be non-deficient compared to ones with high school or lesser education (71.3% vs. 54%, p < 0.001). Housewives were more likely to be vitamin D deficient compared to employed women (56.5% vs. 43.5%, p = 0.008).
In West Riyadh, a significantly higher percentage of pregnant women (30.8%) were in the vitamin D deficient group compared to 18.4% in the non-deficient group (p = 0.014). In contrast, in North Riyadh, a significantly higher percentage (30.6%) was in the non-deficient group compared to 16.2% in the vitamin D deficient group (p = 0.001). Furthermore, the pregnant women living in North Riyadh were significantly more educated, at least to the graduate level (p = 0.001), compared with their counterparts residing in West Riyadh (p = 0.002) ( Table 1) . 
Anthropometric and Biochemical Characteristic in Relation to Vitamin D Status
Gestational age was significantly higher in the deficient than the non-deficient group, even after adjustments for BMI and age (p = 0.04). Body fat percentage was significantly higher in the non-deficient group compared to the deficient group (35.4 ± 5.1 vs. 34.1 ± 5.6, p = 0.04) ( Table 2) .
HDL-cholesterol was significantly lower in the deficient group than the non-deficient group (1.4 ± 0.3 vs. 1.3 ± 0.4, p = 0.035) and remained significant after age and BMI adjustments. Total cholesterol/HDL ratio was significantly higher in the deficient group than the non-deficient group (p < 0.001). Vitamin D status was significantly and positively correlated with HDL-cholesterol (r = 0.19, p < 0.001), while an inverse significant correlation was observed between 25(OH)D levels and total cholesterol/HDL ratio, random glucose, and HbA1c (r = −0.15, p < 0.001; r = −0.11, p = 0.008; r = −0.13, p = 0.001), respectively ( Table 2) . Note: Data presented as a mean ± standard deviation for normal variables while median (first quartile, third quartile) were presented for non-normally distributed variables. # indicates non-normally distributed variables. Categorical variables were presented as percentages (n). The p-value for mean differences was obtained from an independent sample t-test for normal variables and Mann-Whitney U test for non-normally distributed variables. Significant at p < 0.05.
Lifestyle Factors in Relation to Vitamin D Status
The preferable timing of the sun exposure, nature of work, and cloth coverage, all had a significant effect on vitamin D status. Of the pregnant women in the non-deficient group 64.5% preferred sun-exposure at noon time, while 79.9% of the ones in the deficient group preferred it at sunrise or sunset (p < 0.001). The proportion of pregnant women involved in indoor activities for a longer duration was higher in the vitamin D deficient group compared to the non-deficient group (97.6% vs. 67.3%, p < 0.001). Similarly, a significantly higher proportion of pregnant women who usually cover their whole body were in the vitamin D deficient group than the non-deficient group (38.9% vs. 3.6%, p < 0.001).
Physical activity also had a significant effect on vitamin D status. The median number of minutes/week for women engaged in low-intensity physical activity (e.g., walking) was significantly higher in the non-deficient than in the deficient group, even after adjusting for age and BMI (600 vs. 180 min/week, p < 0.001). Physical activity correlated positively with levels of vitamin D (r = 0.32, p < 0.001). Dietary vitamin D and calcium intake, as well as multivitamin intake, were not significantly different from one another (Table 3) . Note: Categorical variables are presented as percentages (n). # indicates non-normally distributed variables which are presented as median (first quartile, third quartile). Note: Odds ratio (OR) and 95% CI for OR were obtained using logistic regression analysis, taking vitamin D deficiency (<50 nmol/L) as a dependent variable against potential risk factors, and as an independent risk. Model 1 is for age, BMI, and sun exposure. The adjusted model includes age, BMI, sun exposure, parity, summer season, vitamin D intake, multivitamin intake, physical activity, education, employment, living in the north, and coverage with clothing. Significance is set at p < 0.05.
Predictors of Vitamin D Deficiency in Early Pregnancy
Discussion
To the best of our knowledge, this study has evaluated the largest number of participants, within Saudi Arabia and the Gulf region, assessing vitamin D deficiency in the early stages of pregnancy along with the predictors of vitamin D deficiency. In this study, the prevalence of vitamin D deficiency (vitamin D < 50 nmol/L) among pregnant women in their first trimester was 81%, with noted significant predictors for vitamin D deficiency including multiparity, living in West Riyadh, abnormal lipids, indoor nature of activity, and type of clothing. Furthermore, higher education, living in North Riyadh, sun exposure at noon, and physical activity were noted as protective against vitamin D deficiency. Despite the high prevalence of vitamin D deficiency, it remains comparable with the findings of previous studies published on Asian populations [30, 31] . Notably a recent study, also conducted in Riyadh, investigating vitamin D status among pregnant women, detected vitamin D deficiency at 50% and insufficiency as 43.8% [10] . Even higher prevalence rates of vitamin D deficiency during early pregnancy have been reported from Oman (98%) [11] , Korea (91.8%) [32] , and UAE (78%) [33] . Comparatively lower prevalence rates for vitamin D deficiency during early pregnancy have also been reported from India (62%) [34] , UK (57%) [35] , Canada (39%) [36] , and Spain (18%) [37] . This high prevalence globally of vitamin D deficiency in pregnant women still stresses the importance of vitamin D supplementation in early pregnancy (<16 weeks gestation).
In this study, inadequate exposure to sunlight was observed to be a major risk factor for suboptimal vitamin D levels. Sunlight exposure, being a major source of vitamin D, is critical in maintaining normal 25(OH)D levels [38] . Limited exposure to sunlight is, therefore, considered to be an important predictor of vitamin D deficiency even in places considered to have high levels of sunshine [38] . Spending a significant amount of time indoors to avoid sun exposure, clothing, and the use of sun cream have been recognized as major risk factors for developing vitamin D deficiency [39] .
The pregnant women in the present study were noted to have inadequate sun exposure due to extreme weather temperatures as a result of the low humidity in desert environments (summer vs. winter) and the traditional clothing they wear, which covers the whole body. Whole body coverage poses a 17-times higher risk for developing vitamin D deficiency, which is applicable to most Muslim countries [40] . These factors would appear to have contributed to the observed high prevalence of vitamin D deficiency in this current study.
Despite this, seasonal variations, here operationalized as recruitment in summer or winter, did not significantly affect the distribution of the two vitamin D groups. However, even though the season would appear to dictate the amount of available sunlight, this lack of effect was anticipated due to coverage of the whole body with clothing, sun-avoidance during summer months due to heat, and a large proportion of the work being performed indoors in Saudi Arabia. Consequently, the exposure indices are unaffected by season amongst the Saudi women.
Approximately 25% of the pregnant women were taking multivitamins in their first trimester. A study by Hollis et al. suggested that daily supplementation of 4000 IU/day of vitamin D is considered to be safe, and reasonably adequate for avoiding vitamin D deficiency in pregnancy [41] . However, vitamin D intake from food was observed to be low in the participant sample studied here, with very few subjects consuming the daily recommended intake. The major source of vitamin D is the cutaneous synthesis from sun exposure, as dietary sources tend to be small despite any fortification of food. Reliance solely on dietary sources is known to lead to hypovitaminosis D [41] . Moreover, recent food trends and changes in eating habits in Saudi Arabia may also have contributed to a lower dietary intake of vitamin D and calcium, especially among younger women [42] . Hence, suggesting a country-wide vitamin D fortification of food, especially grain and dairy products might be helpful.
In addition, multiparity and successive unplanned pregnancies in a community with a high prevalence of vitamin D deficiency may further aggravate the condition [5] . Pregnant housewives with low educational status, residing in low-income localities, are strong indicators of vulnerability to vitamin D deficiency, which is in part due to a lack of awareness in this particular group. This observation has previously been reported in a study documenting higher vitamin D levels among pregnant women with higher educational status compared to less educated pregnant women [43] .
Further analysis revealed physical activity as an independent predictor of 25(OH)D deficiency among pregnant women. Studies performed among non-pregnant female populations confirmed the beneficial effect of physical activity on vitamin D status, after adjusting for sunlight exposure [44] . In addition, exercise-induced lipolysis has also been implicated in the elevation of serum vitamin D levels by mobilizing vitamin D from adipose tissues [45] . However, only a few pregnant women had desirable vitamin D levels, which was associated with increased physical activity outdoors [10, 46] , thus creating more opportunities for sun exposure, and consequently leading to higher vitamin D levels.
Assessing systemic lipid levels showed that a low HDL and total cholesterol/HDL ratio presented a significant risk factor for vitamin D deficiency in early pregnancy. It has previously been shown that 25(OH)D concentration positively correlates with HDL cholesterol, even after adjusting for age, BMI, ethnicity, family history of diabetes, and cigarette smoking [35] . Studies have also shown that more than half of the dietary intake of vitamin D comes from fish, meat, and eggs, which are also rich in lipids [47] . In addition to the association of hypovitaminosis D with reduced HDL-cholesterol levels, this combination could further increase the risks for the development of cardiovascular diseases [48] .
The authors acknowledge several limitations of this study. First is the FFQ-based dietary vitamin D intake, which does not reliably quantify 25(OH)D in episodically consumed foods. Vitamin D as a metabolite is influenced by diet and as such, FFQ might not be the best option to determine an accurate dietary vitamin D assessment. Second is the limitations of the immunoassays used. Though all 25(OH)D measurements were conducted in a DEQAS-certified laboratory, it is still preferable to use a VDSP (Vitamin D Standardization Program), as it is an accuracy-based scheme. Despite the abundance of data on vitamin D deficiency and pregnancy, the present study offers insights on unidentified risk factors associated with vitamin D deficiency in early pregnancy in an Arabian cohort, an ethnic population that is geographically, culturally, and possibly genetically predisposed to vitamin D deficiency.
Conclusions
In conclusion, there is a high prevalence of vitamin D deficiency among Saudi pregnant women during the first trimester of pregnancy. Whole body clothing coverage, a low level of physical activity, living in West Riyadh, and multi-parity were key factors pre-disposing Saudi pregnant women to increased vitamin D deficiency.
The findings of the present study highlight the need for vitamin D supplementation among women during their reproductive age, especially women entering pregnancy. Further studies are needed to determine whether untreated vitamin D deficiency during early pregnancy translates to maternal and neonatal complications among Arab women. 
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